SUMMARY Mucosal biopsy specimens from the ileal reservoirs of 92 patients who had undergone restorative proctocolectomy (12 with familial adenomatous polyposis, 78 with ulcerative colitis, and two with functional bowel disease) were studied. Chronic inflammation was found in almost all, as was villous atrophy of varying severity. Other changes included pyloric metaplasia and mucosal prolapse. Acute inflammatory changes and ulceration were less common but, when present, corresponded to the clinical condition of "pouchitis". A grading system was devised to score acute and chronic inflammatory changes. There was a significant increase in acute inflammatory scores in ulcerative colitis compared with those in familial adenomatous polyposis, and pouchitis was present only in patients who had had ulcerative colitis; the morphological features of pouchitis are similar to those seen in the colorectal mucosa in ulcerative colitis. Histochemical studies of mucin in the reservoirs of mucosa showed that there may have been a change from small intestinal mucin to colonic mucin.
In severe diffuse mucosal disease of the colon and rectum the entire large bowel may have to be removed. Several operations have been tried to preserve sphincter function and restore continuity of the bowel. Of these, restorative proctocolectomy with ileal reservoir is the most recent.' The operation comprises total proctocolectomy, construction of a reservoir from the terminal ileum, and ileoanal anastomosis. The colon and about three quarters of the rectum are removed, and the mucosa stripped from the remaining rectal stump down to the dentate line. The reservoir of small intestine is then brought down through the denuded muscle tube and anastomosed to the anal canal at the dentate line. The length of rectal cuff left was about 8 cm in the early cases, but is now about 4cm in some of the more recent cases.
Various reservoir designs have been described.2 3 The procedure is covered by a temporary ileostomy that is usually closed about two months later, provided that all suture lines have healed.
Diffuse mucosal disease, in the form of ulcerative Accepted for publication 29 January 1987 colitis or familial adenomatous polyposis, accounted for all but two of the 160 patients who have had proctocolectomy with ileal reservoir at St Mark's Hospital. Inflammation often occurs in the reservoir, and in a recent publication the incidence and severity of inflammation in 92 of these patients were described and the role of various physiological and pathological factors discussed.4 In this paper we ptesent an account of the histopathological changes occurring in the mucosa of reservoirs, with particular reference to features seen on histochemical staining for mucins.
Material and methods
Mucosal biopsy specimens from the reservoirs of 92 patients who had undergone both stages of the operation were studied. 603 a year after closure of the ileostomy and were fixed in 10% buffered formol saline. The biopsy specimens were processed routinely in paraffin wax and stained with haematoxylin and eosin.
A subgroup of 32 patients, who had had at least three sequential mucosal biopsies of the reservoir, were further studied. In 25, paraffin embedded blocks of ileum, which had been obtained at the time of the original proctocolectomy, were available. In addition to haematoxylin and eosin, high iron diamine-alcian blue (HID-AB) and periodate borohydride-potassium hydroxide-periodic acid Schiff (PB-KOH-PAS) stains were also performed. A modification of the method of Spicer,5 with ferric chloride at 60% concentration was used for HID-AB staining. All sections were cut and stained by the same person using the same technique. Each slide was graded by one observer (NAS) for blue predominance, a mixed pattern, or brown predominance. Assessment by PB-KOH-PAS was less satisfactory as normal small intestinal mucosa usually stains well, but a grading of none, mild, moderate or strong staining was used.
Results
Normal small intestinal mucosa was not usually found in mucosal biopsy specimens from the reservoirs; most showed chronic inflammatory changes. In only 12 (13%) did the first mucosal biopsy specimen after ileostomy closure lack chronic inflammatory changes and villous architectural abnormality (fig 1) . The chronic inflammatory cell infiltrate in the lamina propria included all cell types associated with chronic inflammation-lymphocytes, plasma cells, eosinophils and histiocytes-although often eosinophilic polymorphs were the first to accumulate. The chronic inflammatory changes were usually associated with some degree of villous atrophy (fig 2) , which varied from mild and partial to almost total villous atrophy, common in cases with acute inflammation (fig 3) . The degree of villous atrophy varied both in the sequential biopsy specimens and within the same specimen. When considerable acute inflammation was present, however, it was usually associated with extensive subtotal villous atrophy. Villous atrophy was always accompanied by pronounced crypt hyperplasia, producing an appearance similar to that of colonic mucosa (fig 4) , and when this was associated with extensive chronic inflammation, the histological appearances were reminiscent of chronic ulcerative colitis in remission ( fig 5) .
In mucosal biopsy specimens from reservoirs which showed subtotal villous atrophy and crypt hyperplasia the histological appearances were like those of untreated coeliac disease (fig 2) . There was, however, a notable difference in lymphocyte counts in the epithelium between biopsy specimens of small intestinal mucosa in coeliac disease and those of reservoir mucosa. Though intraepithelial lymphocytes are a prominent feature of untreated coeliac disease and are important in the assessment of response to a gluten free diet, the intraepithelial lymphocyte count in mucosal biopsy specimens from reservoirs was always less than 5% of epithelial cells. The lymphocyte count remained low even in the presence of active inflammation, although numerous polymorphs were usually present in the surface epithelium.
Other chronic changes seen in mucosal biopsy specimens from reservoirs were pyloric metaplasia and the histological features of mucosal prolapse. Pyloric metaplasia is a non-specific change that occurs in both small and large intestinal mucosa when it is affected by chronic inflammatory bowel disease; in these cases it was a rare feature of active inflammation in the pouch. It was seen in biopsy specimens in three patients in this study, all of whom had previously had acute inflammation (fig 3) . In two other patients there was clinical evidence of mucosal prolapse within the reservoir. Histological examination of the mucosal biopsy specimens showed fibromuscular obliteration of the laminia propria, 5X'-'-''' Acute inflammatory changes and ulceration were seen less often. A patchy, superficial, acute inflammatory cell infiltrate in the epithelium was present in at least one biopsy specimen from a functioning reservoir in 50 cases of ulcerative colitis (64%) and in six from cases of familial adenomatous polyposis (50%). More extensive acute inflammatory cell infiltration, with crypt abscesses and ulceration, was seen in six cases (7%), all of whom had had ulcerative colitis (fig 3) . These histological changes, which were accompanied by pronounced chronic inflammation with villous atrophy, were always associated with pouchitis, manifest by systemic symptoms, the passage of at least six liquid motions per day, and macroscopic inflammation on sigmoidoscopy.4 Extensive active inflammation was associated with reactive epithelial hyperplasia (fig 3) in these cases in which ulcerative colitis had been diagnosed previously: there was no evidence of dysplasia in the reservoir. Two mildly dysplastic tubular adenomas were found in the mucosa in two cases of familial adenomatous polyposis.
Using the HID-AB technique we showed a considerable change from blue staining mucin of small intestinal goblet cell type to brown staining mucin of colorectal type in 16 of the 32 patients (fig 7) . These patients comprised 13 who had had ulcerative colitis and three with familial adenomatous polyposis. They were all associated with histological evidence of chronic inflammation and villous atrophy. In three of the six with clinical pouchitis there was a change in the reservoir goblet cell mucin to a predominantly brown reacting product with HID-AB. With the PB-KOH-PAS staining sequence, there was a definite increase in PAS staining between ileal control and reservoir mucosa in only six patients, all of whom had had ulcerative colitis.
The mucosa of the terminal ileum at the time of the original proctocolectomy was histologically normal in 24 of the 25 patients for whom tissue was available. There was no evidence of villous atrophy, crypt hyperplasia, or inflammation. In only one case, a 35 year old man with ulcerative colitis, was there clinically important inflammation in the terminal ileal mucosa at the time of proctocolectomy. The HID-AB technique showed a predominantly brown reaction in the goblet cells of the portion of terminal ileum included in the proctocolectomy specimen. The first mucosal biopsy specimen of the reservoir showed a predominantly blue reaction, but later specimens showed a reversion to a brown staining mucin of goblet cell type, indicating an increased sulphate content. grading for acute changes of four or more indicated active pouchitis, and correlated with the clinical criteria of this condition. 4 We have seen pouchitis only in those reservoirs created for ulcerative colitis, but as these comprise over 80% of the total it is difficult to draw definite conclusions about the apparent absence of pouchitis from those reservoirs created for familial adenomatous polyposis. More recent figures in our series show 10 patients with pouchitis, all of whom had had ulcerative colitis, out of a total of 152 cases (126 ulcerative colitis, 24 familial adenomatous polyposis, two miscellaneous). Furthermore, we have shown that there is considerably more acute inflammatory change in those reservoirs constructed from ulcerative colitis. anaerobic bacterial counts and inflammation, 13 although one study showed some correlation between concentrations of aerobic organisms and inflammation, 4 and another study showed a significant inverse correlation between volatile fatty acids (which reflect anaerobic bacterial activity) and villous atrophy in the reservoir mucosa. 15 This finding suggests that high counts of anaerobic bacteria may protect the reservoir mucosa. Some patients with pouchitis do, however, benefit from metronidazole'3 which contradicts this observation.
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The creation of a neorectum, which becomes furgroup.bmj.com on June 20, 2017 -Published by http://jcp.bmj.com/ Downloaded from ther modified by a process of colonic metaplasia, may create an environment that favours the development of a condition similar to ulcerative colitis in the ileal reservoir. This hypothesis is supported by morphological changes in the pouch, which bear a striking resemblance to ulcerative colitis, and the fact that an inflammatory process does occur in small intestinal mucosa in ulcerative colitis. Currently there is no evidence to suggest that bacteriological or physical factors are implicated in the aetiology of pouchitis.
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